Functional redundancy of the kinases MEK1 and MEK2: Rescue of the Mek1 mutant phenotype by Mek2 knock-in reveals a protein threshold effect.
The mammalian genome contains two mitogen-activated protein kinase (MAPK) kinase (MEK)-encoding genes, Mek1 and Mek2. MEKs phosphorylate and activate the two extracellular signal-regulated kinase (ERK) isoforms ERK1 and ERK2. Mek1(-/-) embryos die due to placental defects, whereas Mek2(-/-) mice survive with a normal life span and fertility, suggesting that MEK1 has functions not shared by MEK2. However, most Mek1(+/-)Mek2(+/-) embryos also die from placental defects, indicating that both Mek genes contribute to placental development. To assess the functional specificity of the Mek1 and Mek2 genes, we produced a Mek1 knock-in allele in which the Mek2 coding sequences were placed under the control of Mek1 regulatory sequences (Mek1(2) allele). Mek1(2/2) mice were viable with no apparent phenotype, indicating rescue by MEK2 and functional redundancy between the two MEK proteins. However, Mek1(2/-) embryos with Mek2 in only one of the Mek1 alleles and the other Mek1 allele null died from abnormal placenta, suggesting a dosage effect. Analysis of mice from a Mek1 Mek2 allelic series revealed that the occurrence of the placenta phenotype correlated with the amount of MEK protein independently of which MEK isoform was produced. Thus, although MEK1 and MEK2 can substitute for each other, a minimum amount of MEK is critical for placenta development and embryo survival.